Preliminary to an investigation of the specialization in the central nervous system of the spider monkey arising from the possession of a prehensile tail, a survey of the morphology of the tail, and of the ,caudal, vertebral, and spinal cord segments proved necessary, since -adequate data could not be found in the literature.
Spiml cord
The spinal cord of the spider monkey has 37 segments consisting of eight cervical, thirteen thoracic, five lumbar, three sacral, and eight tcaudal segments. The number of oervical segments is always eight, but there is a considerable variation in the number of thoracic segments, depending upon the number of rib-bearing or thoracic vertebrae. Of ten specimens examined, six have been found with 13 pairs of ribs and four with 14 pairs. In the latter cases the lumbar segments were correspondingly reduced from five to four, the total ,number of the spinal segments remaining unchanged. Spider monkeys have a sacrum formed by the fusion of three sacral vertebrae, -and consequently have three sacrl segments of the spinal cord. The elongated caudal region of the spinal cord constitutes one of the ,distinctive features of the central nervous system of the spider -monkey. Some other mammals, e. g., the cat, may have a large -number of caudal nerves (7 or 8 pairs), but the dimension of the caudal cord is small by comparison with that of the spider monkey. In the spider monkey each segment in the caudal region is almost of the same length as the lumbar or sacral ones, although the diameter of the cord is considerably smaller. The motor cells of the ventral (Cab. ' oa 2 horn in this part of the cord are particularly abundant and are arranged in distinct groups (Fig. 1) .
The spinal cord terminates at the level of the anterior end of the fifth lumbar vertebra. It, therefore, extends much lower th-an in3 man, in whom it reaches the level of the intervertebral disc between the first and second lumbar vertebrae. The cauda equina and the filum terminale are enclosed in a long dural sac which extends caudally to the last sacral vertebra. From a developmental point of view the caudal segment of the cord represents an ontogenetically primitive form rather than a newly added structure. According to Kunitomo, 4 7 .5 mm. human embryos have a neural tube of 37 or 38 segments; when the embryo has reached a length of 8 or 9 mm. the spinal cord together with the primitive vertebrae undergo a retrogressive process and are reduced to the usual number of 32 to 34. It is proba-ble that the spinal cord of the spider monkey retains its embryonic segmental scheme without involution and the caudal segments continue to develop along with other parts of the cord owing to the preservation and further development of the tail.
Spinal nerves and caudal plexus
The spider monkey has 37 pairs of spinal nerves. Tihere are eight pairs of cervical nerves, of which the eighth emerges between the seventh cervical and the first thoracic vertebrae. Taking the form of the vertebrae and the number of ribs as criteria, thirteen pairs of thoracic nerves are found in most animals. The spinal nerves in the lumbar region are five in number. The last pair of lumbar nerves springs from the groove between the fifth lumbar vertebra and the alae of the sacrum. The fifth lumbar nerve is the thickest of the lumbar nerves. The first and second sacral roots escape through the sacral foramina to the ventral side and innervate the perineal region and the anal sphincter. The third sacral nerve lies completely dorsal to the pelvis and is divided into two main branches. The ventral branch, joining the nerve trunk of S-2, goes to the perineum, and the dorsal branch innervates the muscles of the root of the tail. All eight pairs of caudal nerves can be traced from their origin to the tail. After emerging from the dural sac they travel in the caudal vertebral canal for one to eight segments and then find their exit through the successive intervertebral foramina to the caudal nerve plexus.
Spinal nerves from the caudal region, after emerging from the intervertebral foramina, do not continue individually to the peripheral structures, but instead, divide, unite, and redivide to form an intricate but geometrically arranged plexus (Fig. 2 one is directed dorsally to innervate the abductor muscles and the other is redivided into two branches supplying the lateral and medial flexor muscles. It is also the ventral caudal nerve which supplies the sense organs on the skin of the tail pad. The ventral caudal nerve trunk is at least three times as large as is the dorsal caudal nerve, and this difference is even greater in the distal part of the tail.
Tail musculature The muscles of the tail of the spider monkey can be divided into two categories, the basal tail muscles and the intrinsic tail muscles.
The basal tail muscles include the ilio-caudalis, ischio-caudalis, and the other muscles originating from the pelvis, and effect ventral and lateral movements of the base of the tail. According to the analysis of Elftman' these muscles in man and in the anthropoids are shortened and transformed int;o the pelvic diaphragm functioning as a support for the pelvic visceral organs. The ilio-caudalis has its origin in the anteromedial surface of the ilium and is inserted into the chevron 'bones and the first to fourth caudal vertebrae. The ischio-caudalis arises from the ischial spine and is inserted by a flat tendon into the fifth to the seventh vertebrae. *
The muscles of the dorsal surface of the basal part of the tail represent the caudal continuation of vertebral column muscles, namely, M. multifidus spines and M. longissimus dorsi. The intrinsic tail muscles are those with origin and insertion confined to the tail and are in a sense segmentally arranged. They are briefly described as follows:
M. extensor caudae med dis. They are ensheathed, spindle-shaped muscles originating from the dorsal surface of the anterior half of each caudal vertebra and the posterior dorsal process of the preceding vertebra. They insert by a short tendon into the anterior dorsal vertebral process after bridging one vertebra. The muscles decrease in size gradually toward the distal end.
M. extensor caudae lateralis (or longus). These muscles are thin sheets of fibers originating from the lateral surface of the caudal vertebra between the anterior dorsal process and the transverse process and insert by a long tendon into the anterior dorsal process of a vertebra eight or ten segments below. The fleshy parts of these muscles are thin and are not separated by intervening fascia into dear-cut segmental uniits. The long tendons run caudally side by side covering the dorsal surface of the medial extensor muscles.
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M. abductor caudae internus et externus. This is a series of fusiform muscles characteristically short in length and uniform in size throughout a considerable length of the tail. They take origin on the ventral surface of the anterior transverse process. A major part of the muscle bridges one vertebra and inserts into the dorsal surface of the anterior transverse vertebral process; the smaller head of the muscle is inserted in the posterior transverse process of the subjacent vertebra.
M. flexor cau4dae Iateralis (or longus). These muscles are the most highly developed intrinsic muscles of the tail. Lying in the groove between the transverse and ventral processes of the vertebrae, each component muscle is composed of one or two thin sheets of muscle, each about three inches long, which originate from the whole leng.th of the ventral surface of a caudal vertebra. The muscles insert by long tendons into the fibrous fascia beneath the skin at successive segments of the tail. Like the components of extensor caudae lateralis they can not be separated into clear segmental portions. They differ from the extensors by being almost as well developed in the distal region as in the middle or proximal part of the tail.
M. flexor caudae medialis. T;hese arise from the ventral medial muscular septum and the anterior half of the ventral surface of each vertebra just medial to the origin of the external flexor muscles. The insertion is by tendon into the anterior ventral process of the vertebra two segments lower.
Another part of the same muscle originates in the posterior half of the ventral surface of the vertebr'a and inserts into the anterior ventral process of the next vertebra.
The intrinsic muscles of the tail are arranged segmentally in a highly regular fashion. Segmentation is best preserved in the medial extensor, medial flexor, and abductor muscles. The lateral extensor and especially the lateral flexor muscles are more highly modified both in form and function. Despite what appears to be a preservation of metameric arrangement of the tail musculature it is a misconception to think of the tail of the spider monkey as an organ composed of numerous separate segments as seen in the tailed reptiles. As pointed out by Gegenbaur,8 the tail musculature of mammals does not conform to the strict metameric plan found in reptiles but is formed by differentiation and transformation of the proximal tail musculature, while the more caudal tail myotomes are lost. However, anatomical and physiological evidence suggests that a segmented, though not a metameric, organizaton is to some extent preserved in the tail of the spider monkey.
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Caudal vertebrae and segmentation of the tail The caudal vertebrae of the spider monkey are 33 or 34 in number. According to Elliot,2 Ateles has only 23 caudal vertebrae, probably one of the many inaccuracies of detail to be found in his Review of the Primates. In the eight specimens of Ateles which we have examined none has fewer than 33 vertebrae. Apart from the proximal eight caudal vertebrae, which are morphologically different from the others, the caudal vertebrae gradually diminish in size and gradually become longer and more slender until the 18th vertebra is reached, whereas the vertebrae below the 18th become progressively shorter and slighter. The distal four or five vertebrae are exceedingly small, and the last piece is no larger than a grain of barley. These tiny bones are freely articulated and freely mGvable.
The first caudal vertebra is connected anteriorly with the centrum of the third sacral vertebra by strong intervertebral fibrocartilage. The facets of the anterior articular processes which look anteromedially are fitted against the facets of the posterior articular processes of the preceding vertebra. The first eight caudal vertebrae differ from the remaining ones in several respects. First, they possess a vertebral foramen lodging the cauda equina and formed by the arched lamina which bears a blade-like spinous process bluntly pointed dorsally. The foramen is reduced to a very narrow tunnel in the eighth caudal vertebra through which the last pair of spinal nerves is issued. Below the eighth caudal vertebra the foramen is obliterated. The posterior articular process of the vertebra is rudimentary and not in contact with the anterior articular processes of the next vertebra. Another structural modifica-tion of the vertebrae below the eighth segment is the presence of anterior transverse processes to which are attached the posterior heads of the aductor muscles of the tail. The posterior transverse processes are present in all the caudal vertebrae except the terminal one. The transverse processes are the chief landmarks for distinguishing flexor and extensor muscles. The muscles ventral to these processes are functional flexors, and those dorsal to the processes are extensors.
The body of each of the first six caudal vertebrae bears a pair of triangular chevron bones resting on the haemal processes, the tips of the chevron bones connect to form a tunnel through which the ventral caudal blood vessels pass.
All the processes of the caudal vertebrae are quite pronounced throughout the whole length of the tail, but the articular processes of the vertebrae in the distal part of the tail are devoid of facets. Proceeding distally the articulations between the vertebrae ibecome more and more like those of the digital joints, permitting free flexion and extension. The anterior head of each caudal vertebra below the eighth bears a pair of fairly well-developed processes projecting from its ventral surface, whereas the ventral surface of the posterior end of the vertebra is flat. This arrangement allows these well-developed cranial processes, to which the tendons of flexor muscles are attached, to rotate without encountering the ventral surface at the posterior end of the preceding vertebra. This device provides for freedom in flexion of the prehensile tail.
From the morphological point of view the eighth caudal vertebra is a critical vertebra for several reasons. First, it is the last caudal vertebra which has a true vertebral canal. Second, it is the first vertebra which possesses the anterior transverse processes providing for the attachment of the intrinsic abductor muscles. Third, all muscles below this segment are intrinsic tail muscles, i. e., muscles having both their origin and insertion in the tail itself. Fourth, the reduction of the posterior articular processes of the vertebra below the eighth caudal segment makes for greater flexibility of the tail. Another critical caudal vertebra is that at the 18th segment below which the ventral surface of the tail is equipped with a tail pad covered by skin resembling that of the planta and palma. Below this segment the highest flexibility of the tail is attained.
From a consideration of functional anatomy of the caudal vertebrae, the tail of the spider monkey is divisible into three parts: (1) the proximal part, i. e., from the base of the tail to the eighth segment, which is relatively rigid and receives the insertions of extrinsic tail musdes; (2) the middle part, i. e., from the 9th to the 17th caudal segment, which is flexible and is activated by intrinsic tail muscles; and (3) the distal part, i. e., from the 18th caudal segment to the end of the tail, which is more mobile and is marked by the tail pad, the skin of which contains epidermic friction ridges.
Cutaneous innervation
By dissection, the spinal nerves of the caudal segments of the spinal cord can be traced into the caudal plexus. The final distribution of the afferent and efferent contribution from a given root to the skin and musdes of the tail cannot be followed in this fashion because of the intermingling of fibers from different nerve roots in the caudal plexus.
The conventional technique for determining the cutaneous distrilbution of the dorsal roots is the meth-od of "remaining sensibility," which Sherrington7 successfully used for mapping the dermatomes of the monkey. Observations of this type have been made in three terminal experiments, which are too few to allow a detailed mapping of the tail dermatomes. To accomplish this for the whole spinal cord, Sherrington in his classic work used more than one hundred monkeys, supplemented by numerous experiments on cats. Our purpose was to use the available animals to gain some insight into the general plan of the cutaneous distribution of dorsal roots of caudal nerves in the spider monkey. Experiment 1. Spider monkey series no. 11, mature male. Deternunation of sensory levels by ligation of dorsal roots. The tail area of the motor cortex on the left side had been ablated one month previously for another purpose.
The animal was lightly anesthetized with Dial (0.45 cc./kg., half intraperitoneally and half intramuscularly). The lower end of the spinal cord and cauda equina weire exposed by laminectomy and opening of the dura. All the dorsal roots below S-2 were isolated and marked by passing a loose ligature around them. The provisional identification of roots was checked at autopsy.
The reaction of the animal to the strong electrical stimula;tion of normally innervated skin consisted of (1) reflex movements of the tail, (2) pupilary dilation and the jerking of the eyeball, and sometimes (3) a sudden movement of the head. The stimulating current led from the secondary coil of an inductorium at a coil distance of 2 cm. which was unbearable to our skin.
Section of the lowest pair of the dorsal roots (Ca-8) caused hypesthesia of the tip of the tail (about 1.5 inches). Subsequent seotion of Ca-7, the second pair of dorsal roots (numbering iprovisionally from the lowest root upward), made this part of the tail completely insensitive to electric stimulation.
At this stage of experiment, the delpth of anesthesia was unfavorable. Even strong stimulation of the skin of the foot, hand, or ear was not always followed by an unmistakable response. Injection of Metrazol failed to improve the excitability. Therefore, a narrow strip of blotting paper moistened with one per cent solution of strychnine sulphate was placed on the dorsal surface of the conus region of the cord for one minute and then removed. Shortly thereafter the musculature of the tail was thrown into convulsion, which spread slightly to both hind legs. The conus region was then irrigated several times with warm saline. As soon as the convulsive attack was over, the dermatomal exploration was resumed. Reflex movements of the tail were now easily elicited by pinching the skin with a pair of strong forceps.
After the third from the last pair of the dorsal roots (Ca-6) was tied the tail became insensitive to the pinching of the skin below a line four inches from 2 /o. 4/ | the tip of the tail. Because the right half of the tail was stll insensitive to stimula- of the caudal segments were separated with a glass hook and prepared for section by passing a loose ligature around each root. The ether was withdrawn and 0.25 cc. of Metrazol were injected intaperitoneally. As soon as the anesthesia was sufficiently light for the animal to be responsive, the dorsal roots were cut one by one from the caudal end upwards. After the section of each pair of nerve roots the skin of the tail, I 't.
previously moistened with saline, was stimu-2 lated by strong eleotric shock from the secondary coil of an inductorium with a dis-C 3 tance of 5 to 6 cm. If the stimulation was applied to normally innervated skin, the animal struggled, the whole tail moved 7 1 C;4 about, and at the same time the pupil 8 dilated. If the stimulus was applied to the anesthetized area the monkey failed to respond except for a local muscular contrac-10 tion. By systematic explorative stimula-i, tion of the tail after section of each pair of dorsal roots, the posterior border of 2 residual sensibility was determined. The result is shown in thhe accompanying Fig. 4 .
After the section of the lower pair of dorsal roots (Fig. 3) and at the 22nd in the other (Fig. 4) . A difference of this magnitude could -be due to individual variation or the differences between acute and chronic nerve section, or examination with and without anesthesia.
The upper border of Ca-5 in the chronic experiment coincides with the lower border for Ca-4 in the stimulation experiments whereas overlapping is to be expected. It is probable that the lower border of denervation seen in terminal experiments under anesthesia is somewhat higher than in the chronic unanesthetized preparations. That the caudal dermatomes overlap is shown by the fact that section of the terminal pair of roots produced no area of anesthesia at the tip of the tail; both Ca-7 and Ca-8 innervate in this area. It is well known that such overlapping between dermatomes occurs even in the trunk where no plexus is involved.
In any case it is clear that the lower caudal nerves innervate successively lower somewhat overlapping bands of the cutaneous surface of the tail, as Sherrington7 described for the tail of macaque monkeys. T.he upward migration of sensory border after each root section occurs in steps of increasing size, which is consistent with the increasing size of the posterior roots between Ca-8 and Ca-5.
If the tail were perfectly metamerically segmented with respect to innervation the dermatomes should overlie the muscles innervated by the same segment of the cord. Such an arrangement is not exactly realized in the tail, -but there is some correlation between the dermatome and the insertion, though not the position, of certain groups of tail muscles. For example, the cutaneous distribution of the fifth caudal nerve as determined in Experiment 3 overlies the 18th to 25th caudal segments and the long tendons of the lateral caudal flexor musdes (see table 3 ) which insert on the same caudal segments are activated by excitation of the ventral root of the fifth caudal nerve. In fact there is a rough correlation between the lower sensory border for each of the lower caudal roots and the lowest vertebra moved by stimulation of the corresponding ventral root (cf. Fig. 4 and table 3 ). The muscles innervated by Ca-5 originate 12 to 14 segments higher than their points of insertion and the fleshy portions bridge two to three vertebrae, i. e., they lie well cephalad to the dermatome of Ca-5.
On the whole, however, the available evidence suggests that the tail dermatomes present no features not found in other regions of the body.
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Stimulation of caudal ventral roots About fifteen years ago van Rynberk5 made an extensive study of the motor innervation of abdominal 'muscles of the dog in an effort to elucidate the fundamental principles of segmental distribution of motor nerve fibers in striated muscles. The abdominal muscles were chosen for investigation because their primitive metameric character has given them a particular rOle in the segmental doctrine.
A priori, the intrinsic tail muscles because of their number, more orderly arrangement, and more distinct separation from one another, seem to offer more advantages for the investigation of problems of segmental innervation than do the abdominal muscles.
The segmental or radicular innervation of the spider monkey's tail has been investigated in four "sacrifice" experiments. toneally) the conus region of the spinal cord was exposed by reopening the old incision of the skin and separating the underlying muscles. All the nerves in the cauda equina were exposed by a midline incision of the dura mater which was then retracted wi,th threads. T-he ventral roots of the caudal nerves on tihe right side were separated with glass 'hooks and marked by passing a thread around each root. Tags made of small pieces of adhesive tape bearing a lprovisional number of the nerve roots were attached to the threads.
Each anterior root was stimulated by bipolar electrodes connected with the secondary coil 'of an inductorium at 12.5 cm. During stimulation the site of the muscular contraction on the tail was determined by palpation. Each nerve root was repeatedly stimulated un,til 'the cephalic and the caudal borders of contraction were found. Once the "contraction border" was determined, it was marked with a narrow strip of adhesive tape.
The numbers of the nerve roots, as identified at autopsy, and the results of stimulation were as follows: Ca-8 Contraction of 'the ventral or 'flexor muscles at the moet distal tip of the tail, very well localized and clear-cut. The tip coiled. The cephalic border of contraction was at the 27th caudal vertebra. Ca-7 Only the muscles below the 23rd caudal vertebra con-tracted. The tail below that vertebra coiled. Ca-6 Contraction of the ventral muscles below the 18th caudal vertebra.
Strong curling of the 'tail. Ca-5 The cephalic contraction border was at the 15ith caudal vertebra.
Curling of the tail. Ca-4 Muscles below the 12th caudal vertebra contracted. The tail curled, butt the tip was not so strongly coiled as when the preceding roots were stimulated. Stimulation of this root elicited no response and it was probably injured by the spinal transection between S-3 and Ca-i.
S-2
Strong constriction and protrusion of the anal sphincter; plantar flexion of the ankle and toes. S-I Plantar flexion of toes, dorsiflexion of ankle; sphincter gave no response. was at the 4th and the lowe!r at the 20th caudal vertebra. After the ventral iroots of the caudal nerves were exposed and isolated under anesthesia, the tail was fixed in a horizontal position on the table with drills passing through the bodies of the caudal vertebrae. The tendons of the tail muscles were isolated and each was attached iby a string to a torsionspring myograph reoording on a smoked-paper kymograph. Only the external caudal flexor muscle series were studied in this expenrment. Five muscles were recorded at a time and ten muscles were studied. The muscles were numbered arbitrarily during the experiment and the origin and insertion of these muscles were identified by dissection at the end of the experiment. The electric current used for stimulation was led from a thyratron stimulator.
When a given ventral root is stimulated, the maximal contraction occurred only in a single muscle while the other either gave a definitely weaker response or did not react at all. The results are assembled in table 3.
From this table it is clear that each muscle is usually innervated by the ventral roots of several caudal nerves. Plurisegmental innervation appears to be more pronounced in the more proximal segments. Particularly to be noted is that the muscles for the movement of the distal part of the tail, i.e., the segment below the 18th caudal vertebra, are almost exclusively innervated by the lowest four pairs of caudal nerves. This experiment confirms the findings in the previous three experiments based on the observation of the responses of the intact tail. Under Nembutal anesthesia a median longitudinal skin incision extending from -the base of the tail to the spinous process of the fourth lumbar vertebra was made. Multifid and dorsal longissimus muscles were detached from the vertebral column by dissection and were kept widely open by self-retaining retractors. Laminectomy was carried out on three vertebrae, the 5th lumbar, 1st sacral, and 2nd sacral. After removing the fat covering the spinal cord the dura was cut along a median longitudinal line down to the most posterior point of the "dural sac." The dura was gently pulled aside by a thread passed through the cut margin of the dura mater. By slightly pulling aside the cauda equina the exits of the nerve roots through the dura were clearly seen. Taking the lowest one as the eighth caudal nerve and counting upward therefrom, other caudal roots could be easily identified. Both the anterior and the posterior roots of the nerve subjected to section were lifted up with a fine glass hook near the exit point and cut with fine scissors. The nerve roots of caudal segments 1, 2, 3, 4, 6, 7, and 8 of -the rigbt side were sectioned in the same manner and caudal 5 was saved. The nerve roots on the left side remained intact.
The wound was then closed in five layers. Very little bleeding was enoountered throughout the operation. The operation began at 9:20 A. M.
and was finished at 11:00 A. M.
Postoperive note. After operation the animal was removed to a metabolism cage and kept warm by covering with several layers of sheets. At rten o'clock at night the animal was able to raise its head and move its arms. Several pieces of orange were given. Recovery notes. Notes on the motility of the tail only have been abstracted from the protocols; sensory examinations are reported in experiment 3.
OC. 18. 4:00 P. M. The animal was in good condition. The tail was not used in clinxbing. There was no remarkable deviation of the tail in the resting posture. When it attempted to use the tail, the tafl deviated markedly to the left side and assumed a peculiar corkscrew-like posture.
Oct. 23. Both -hands and feet were in active use for climbing up the wire cage, but the tail was allowed to hang limply. While walking it was dragged along the floor. It was rarely used voluntanly; when used it deviated markedly to the left side.
Oct. 25. The tail was more motile than before, but it was never used to hold anything for support. The deviation of the tail to -the left side was so strong that in resting postures the tail was wound around the body like a belt. No remarkable atrophy could be seen from the external appearance of the tail. There was no sign of impairment in the sensory or motor function in the hind legs or in any other part of the body. Micturition and defecation were normal. There was a tendency to decubitus on the basal part of the tail on the right side.
Nov. 2. The tail was always turned to the side and curved around the left half of the body with the distal end held against the right thigh. This peculiar posture had been -maintained since October 25. Owing to the loss of sensation and the prolonged resting on the side of the tail, a bed-sore developed. To relieve the bed-sore caused by constant sitting on the hemiplegic tail a perch was added to the cage. Voluntary contraction of the dorsal caudal extensor muscles of the root of the itail was seen in the performance of defecatory movements. Nov. 24. The ulcer seemed to ibe somewhat enlarged. The tail was usually wound around the body or legs, always to the left.
Since there was no change in the status of this-animal since November 29, details of the procotol are omitted.
Autopsy. The animal was sacrificed on April 25, 1945. The vascular system was washed with saline followed by 10 per cent formalin. The brain and the spinal cord were removed and fixed in 10 per cent formalin for histological study. The dorsal roots of Ca-1, 2, 3, 4, 6, 7, and 8 on the right side, which had undergone degeneration looked darker in color, while that of the Ca-5, which was left intact was as white as those of the other normal roots.
Photographs of the tall were taken to show the asymmetrical appearance of the tail caused by the degeneration of the muscles on the right side and the corn formations at caudal vertebral joints of the proximal half of the tail where the sensation was lost. After the photographs were taken the cadaver was placed in the refrigerator for further study of the muscle weight of the tail the folowing day.
Analysis of muscle weights Individual tail muscles were carefully dissected free and excised from their attachments. They were kept in two covered glass dishes before weighing in order to prevent the muscles from drying. All of the fleshy part of the muscles was preserved and the tendinous part removed so that the weights represented muscular tissue only. This was done because the tendons undergo little atrophy after denervation.
Not all the intrinsic tail muscles were weighed and not all the figures are included in the following tables. The muscles above the eighth caudal vertebra were not included because they are bound closely together and cannot be dissected accurately; moreover, the scar of the bed-sore in this animal had distorted the structure of the muscles at the base of the tail. The medial extensor muscles, the abductor muscles, and the medial flexor muscles are each surrounded by a thin sheath, while the lateral flexors and the lateral extensors consist of two uninterrupted rows of muscle fiber bundles having no septal membranes separating them from one another. It is almost impossible to divide them with certainty into segmental units. Individual muscles from both sides of the tail were weighed. The values are collected in tables 4, 5, and 6. The absolute difference between the atrophied and the normal muscles of the same segment varies with the bulk of the muscles compared. For instance, in the series of Mm. abductor caudae the normal muscle at the level of the eighth caudal vertebra weighed 560 mg., and its corresponding atrophied muscle weighed 415 mg., the difference being 145 mg. In contrast, the difference in weight of the normal and the atrophied muscles at the level of 28th caudal Examination of these graphs and curves brings out several points. First, the intrinsic tail muscles at all segments on the operated side atrophied except those at the 16th and 17th segments for the abductor series; those at the 21st to 23rd segments for the flexor and extensor series showed hypertrophy. Second, in the case of the extensor muscles there is no significant difference in weight between the muscles of two sides below the 23rd caudal vertebra. Two alternative explanations of this are possible. There may be a small reduction of the muscular tissue on the operated side, but the balance is not sensitive enough to bring out the minute differences in weight of those tiny muscles. Otherwise it would seem that the muscles did not degenerate because they are innervated by the fifth caudal nerve which had been left intact in this experiment.
A quantitative index of the development of flexor and abductor muscles throughout the length of the tail is gained from the general contour of the graphs formed by connecting the tops of the columns representing the weights of the normal muscles. In Fig. 9A the summit of such a curve is at the level of the eleventh caudal vertebra and coincides with the point where the intrinsic abductor muscles attain the highest development. Both above and below that segment the muscles gradually decrease in size. The functional significance of the decment of abductor muscles cephalad to this point is probably that the lateral deviation of the base of the tail is chiefly achieved by the ilio-caudal and ischio-caudal muscles. The gradual reduction in the size of the abductor muscles toward the tip of the tail is correlated with the thinning down of the mass of the tail. The curve relating muscle weight to tail segment is hyperbolic in Fig. 1 OA for the extensor muscles and parabolic toward the end of the tail in Fig. 11A for the flexor muscles. That means a poor development of the extensors and a higher development of the flexors at the distal part of the tail, which probably reflects the dominance of flexion prehensile movements in that part of the tail. Discussion
The hypertrophy of the muscles which are innervated by an isolated intact nerve root is probably "compensatory" in nature. The tail is a long, axial, symmetrical organ and the movements of the segments under discussion are flexion or extension. A movement of a given segment of the tail involves not only each of a symmetrical pair of muscles equally, but the homologous muscles above and below that segment as well. When the muscles above and below on one side are paralyzed -by denervation, the weight which was originally shared by the muscles of several segments must now be carried by a few isolated muscles. The over-exercise of these muscles presumably leads to hypertrophy.
The abductor muscles are different in this respect. The lateral bending of the tail is quite limited except at its base, where the iliocaudal and ischio-caudal muscles are chiefly responsible. Less opportuniity for over-exercise is afforded for this series of muscles and compensatory hypertrophy as seen in the tail flexors and tail extensors would not be expected in the abductors.
According to Van Harreveld,10 in plurisegmentally innervated limb muscles a few months after section of one nerve root the fiber thickness of the partially denervated muscle is increased, and the force-of. the muscular contraction produced by stimulation of a remaining ventral root is much greater than before. This has been ascribed by Van Harreveld to a re-innervation of the muscle. In other experiments forceful massage of a paretic muscle was found to increase muscle function which he ascribed to the fine intramuscular branches of the motor nerve leading to increased ramification. In explanation of the hypertrophy of the undenervated muscle fibers after ventral 'root section he postulated that damage to intramuscular ramification is caused by a shearing effect arising from the contraction of intact motor units displacing their fibers with respect to the denervated ones. By regeneration of terminals the unsectioned root re-innervates or "adopts" muscle fibers belonging to the sectioned root. According to this hypothesis, two factors seem to be essential in the mechanism of re-innervation of a muscle. First, the muscle must remain partially innervated. Second, the partially innervated muscles must have a chance to contract in order to produce the supposed damage to the intramuscular ramification.
The result of the present experiments is in agreement with that of Van Harreveld in so far as activity is made a basic factor. The more active plurisegmentally innervated muscles of the flexors and extensors of the tail hypertrophied and the less active abductor muscles did not; but since exercise of normally innervated muscles increases their size and strength, his interpretation seems inadequate.
Re-innervation alone could bring the weight of the muscles between caudal vertebrae 21 to 23 only to normal but not 40 per cent above normal (Fig. 11) . It is concluded that the hypertrophy observed in the present experiments is due to exercise.
With respect to levels of innervation the present result is in fair agreement with that obtained in the stimulation experiment. In spider monkey no. 17, excitation of the fifth caudal ventral root produced movement of the tail between the ninth and the twentyfourth caudal vertebrae, and the maximal contraction zone was found at the region of the seventeenth caudal vertebra. The maximum contraction zone in that experiment was determined by observing from above the lateral curving of the tail produced by stimulation of the nerve root, so that the chief musdes concerned must have been those of the abductor series which insert on the 17th and 18th caudal vertebrae; they originate from the 16th and 17th caudal vertebrae which coincide with the segments with unatrophied muscle in the abductors (Fig. 9) . The contraction of the extensors and flexors must have been overlooked.
Muscles which do not undergo degeneration after section of the spinal nerve roots Ca-I to 4 and Ca-6 to 8 give a maximal picture of the musculature innervated by the fibers arising from the fifth caudal root. Any hypertrophy would tend to obscure atrophy as determined by muscle weight. Nevertheless, from the extent of the unatrophied muscles it is apparent that fibers from each spinal segment go to muscles of several consecutive tail segments of which the middle ones receive a larger number of nerve fibers than do the adjacent upper or lower segments. The transition from full atrophy to hypertrophy or to normal muscle weight, especially for the flexors, occupies severl segments (Fig. 11) . It follows that the outflow of the fibers from different ventral rots of the spinal cord must overlap in the muscles at several segments of the tail.
According to the classic doctrine of Gegenbaur the neural relationship between a spinal segment and the ontogenetically corresponding myomere is established early in embryonic development, and once fixed it persists. At the very early stage of embryonic development the spinal motor nerve fibers go to the immediately adjacent muscles, i. e., the nerves of a given spinal segment tend to innervate the myomeres of the same segment. The myotomic origin of a muscle can be readily deduced by the identification of its nerve supply, no matter how far the muscle has migrated. Von Baer's well-known demonstration of the cervical origin of the diaphragm 3.75 in mammals on the basis of its radicular innervation is an excellent example.
In view of the orderly arrangement of tail muscles into series made up of a large number of short muscles, a retention of the primitive segmental arrangement is to be expected. However, a tail muscle of the spider monkey, like most muscles of higher vertebrates, is not innervated by a single nerve root. This proves that the so-called posterior and anterior caudal nerves are, as suggested by dissection, not true nerves, but constitute a plexus comparable to the brachial and lumbosacral plexuses. In it, contributions from different nerve roots are regrouped to form nerves, specific muscle branches of which carry fibers from more than one root.
A factor obscuring segmental innervation is that the flexors and extensors of the tail tend to be innervated from different cord levels. The flexor muscles of the tail are chiefly supplied by the lower caudal nerves, and the extensors by the higher nerves. Extension of the tail rarely occurs on stimulation of the distal four pairs of caudal roots, while stimulation of the higher caudal roots is more frequently followed by extension. This seems to agree with the principle of innervation applied by Sherrington' to the hind limb, namely, that of the opposed muscles of a joint, the spinal representation of anatomical extensors is always more cephalad than is the representation of the flexors.
Van Rynberk and Kaiser5 have shown that the abdominal muscles are almost purely unisegmentally innervated, whereas arm and leg muscles are plurisegmentally innervated. Abdominal musculature is poorly represented in the cerebral cortex and is capable of a strictly limited variety of movement. The fact of plurisegmental innervation of the prehensile tail would seem to be correlated with its high degree of mobility and cortical control, in which it resembles the arm or leg. Despite the segmented organization of its musculature the tail is to be classed not with the abdominal musculature but with the arms and legs by virtue of exhibiting plurisegmental innervation through the agency of the caudal plexus.
